Jet quenching is considered to be one of the signatures of the formation of quark gluon plasma. In order to investigate the jet quenching, it is necessary to detect jets produced in relativistic heavy ion collisions, determine their properties and compare those with the jets one obtains in hadron-hadron or e + −e − collisions. In this work, we propose that calculation of flow parameters may be used to detect and characterize jets in relativistic heavy ion collisions.
Introduction
The quenching of jets in relativistic heavy ion collisions has been proposed to be one of the signatures of the formation of quark gluon plasma (QGP) [1, 2] . For a jet produced in heavy ion collision, the leading energetic parton, will have to traverse through a medium consisting of QGP before fragmentation. During its passage through the plasma, it may loose some of its energy because of its interaction with the constituents in the plasma. It would also produce quarks and gluons during this period [2, 3] . This effect seems to have been observed in the recent experiments [4, 5] , although the observation is somewhat indirect. The quenching of the jet is expected to have several consequences on the characteristics of the jet. For example, one expects that the energy carried by the hadrons formed in the jet should decrease due to jet quenching. Basically, the leading parton looses its energy via gluon radiation while traversing through QGP and that should lead to the decrease in the energy carried by the hadrons in the jet. Another possible consequence is, the number of hadrons produced in the jet might increase because secondary quarks and gluons that are produced during the passage of the leading parton through the plasma. One more consequence of the interaction of the leading parton in the plasma is that there would be an increase in the opening angle of the jet. This would lead to a larger spread of the jet particles in azimuthal angle as well as rapidity.
The properties of jets produced in e + − e − and hadron-hadron collisions have been well investigated [6, 7] and the systematics of particle number and jet angle have been done. There is also a good theoretical understanding of these in terms of perturbative QCD and jet fragmentation functions [7, 8] . In case of nucleus-nucleus collisions the identification and characterization of jets are quite difficult because during the collision process, a large number of hadrons are produced and the particles belonging to the jet constitute a very small fraction of these. Therefore, one cannot easily isolate the particles produced in a jet from the background particles and determine the properties of jets in a simple fashion. Although the jet particles have large momenta and they are emitted in a narrow cone in η ( the rapidity ) and φ ( the azimuthal angle ), one has to devise a method of removing the background particles to extract the properties of the jet. Typically, the dispersion in the rapidity and azimuthal angle of the jet particles is quite small ( ∆ = ∆ 2 η + ∆ 2 φ with ∆ η ∼ ∆ φ < 0.5 − 1 ). It would be useful to characterize the jets produced in heavy ion collisions in terms of the quantity ∆ defined above as well as in terms of the number of particles in the jet and the energy carried by the jet particles. This will give a direct measure of jet quenching and jet fragmentation function. Further, measurement of these quantities as a function of impact parameter ( which is related to the total multiplicity or transverse energy in an event ) would also be of interest. This is because the amount of quark matter traversed by the leading parton in the jet would decrease with an increase in the impact parameter. Further, in case of large impact parameter collisions, one would expect that the quenching would be different if the jet is produced in or out of the reaction plane.
Methods, such as tagging the jet with photons [9] or di-leptons [9, 10] have been proposed to detect the jets and determine their properties in relativistic heavy ion collisions. These methods are indirect and they do not give full information on the jets. In this note, we want to propose a method of locating and identifying a jet from the data on hadron momentum distributions for a given event. We believe that the method is able to estimate the number of particles in the jet as well as the jet opening angle reasonably well. The method is based on the computation of flow parameters [11] of the particles produced in a collision. We show that with the analysis of flow parameters for different transverse energy cuts, it is possible to estimate the number of particles in a jet and the opening angle of the jet to some extent.
In the following, we describe the method in Section II, apply the method to synthetic data as well as simulated data [12] in Section III and describe the results and conclude in Section IV.
The Method
Given the transverse momentum distribution of particles produced in an event of heavy ion collision, one can compute the quantities b p 0 i for all the particles having transverse momentum larger than some transverse momentum p 0 ;
Here φ(n) is the azimuthal angle of n th particle, the summation index n runs over all particles having transverse momentum larger than p 0 and N(p 0 ) is the number of particles having transverse momentum larger than p 0 . The flow coefficients for different values of i have specific meaning. For example, b 1 and b 2 are related to the directed and elliptic flow coefficients respectively. Generally, the flow coefficients for i larger than 2 are not computed. Here, however, we shall be arguing that these would give information about jets. The reason for introducing transverse momentum cut will become clear later. The higher order values are small but significant to observe in heavy ion collisions. For example, recently it has been argued that v 4 , the fourth order flow coefficient-efficient is important to understand the physics of extreme energy loss and information on the dynamical evolution of the system [13] .
If the particles are uniformly distributed in all φ directions, theoretically b 
where the particles having transverse momentum larger than p 0 are included in the sum. It can be shown that c i (p 0 ) = v 2 i (p 0 ). Let us now consider an event in which a jet with N j number of particles is produced. In addition, let us assume that the event consists of N b non-jet ( background ) particles and the transverse momentum and the azimuthal angle of these particles is known. Let us further assume that the background particles are distributed uniformly in the azimuthal angle φ and the azimuthal angle of the jet particles are distributed uniformly in an opening angle ∆φ. For such a distribution, the analytic expression for the flow coefficients is
where P (φ) is the probability function for the distribution of particles. After performing the integrals, we get
where N = N b + N j . If the opening angle ∆φ is small enough, the Bessel function j 0 can be expanded in power series. Keeping first three terms we get,
Note that, even when the jet particles are distributed according to some other distribution function, an expansion of the type given above would be valid for small enough ∆φ.
The procedure for obtaining the number of jet particles and the jet opening angle from the data is now clear. After the computation of the flow parameters v i 's, one has to fit v 2 i with a polynomial in i 2 as shown in the eq(5) above. Then the intercept on y-axis gives N j ( note that N is known from the data ) and the coefficient of i 2 term is related to ∆φ.
From the expressions of the flow coefficients eq (4, 5 ) it is clear that these would have sufficiently large values if the number of particles in the jet forms a sufficiently large fraction of the total number of particles N. Since the jet particles are expected to have large transverse momentum, one can use transverse momentum cut to enhance this fraction and improve the determination of the jet parameters. We have performed the calculations with different transverse momentum cuts and these results will be discussed below.
In the following section the method described above is applied to extract the information on jets using the data generated from simulation calculations.
The Calculations And Discussions
The background particles in event are constructed by taking the output from an event generator. For this purpose we have used the generator [12] which uses dynamical hadron string cascade model. The jet production is not included in this generator. For our analysis, we have considered 130 GeV collision of gold nuclei. To these 'background' particles, the jet particles are added by hand. We choose different numbers of jet particles and assume that their transverse momenta are larger than 2 GeV. The direction of the jet as well as the azimuthal angle of the jet particles are chosen randomly. We, however assume that the probability of the azimuthal angle of the jet particles is constant over the opening angle ∆φ. In the following we shall consider the analysis when the event does not have a jet, there is only a jet ( no background ) and both jet and background particles are present.
Events Without Jet
Let us first consider the case where the event consists of only the background particles and no jet. In this case, theoretically, the values of the flow coefficients are all zero. Thus, when one applies the method described in the previous section, the analysis should give results consistent with zero jet particles and indeterminate opening angle. The plot of the square of the flow coefficients for one event is shown in Fig(1) . The figure shows that the flow coefficients are small but not zero. This is because the number of particles included in the analysis are not infinite and the statistical fluctuations yield nonzero values. This is clear from the fact that the flow coefficients are closer to zero when a lower value of the transverse momentum cut is used.
In a way, the computation for the event without a jet sets a lower limit on the values of the flow coefficients. For a meaningful analysis of the flow coefficients, these should be larger than the values shown in Fig(1) . In other words, obtaining a significant information on jets is possible only if the measured flow coefficients are significantly larger than those shown here. 
Jet Only Events
Let us now consider the case where there are no background particles. This is an ideal case and we expect to obtain the best results. Here we display the results for the extracted values of number of jet particles ( N O ) and the opening angle ∆φ O and compare these with the corresponding input values ( N g and ∆φ g respectively ) in Fig(2) . The calculations are performed for different values of number of particles and opening angle of the jet. Also, the calculations are repeated a large number of times so as to estimate the possible error in the extracted quantities. Fig(2) shows that the extracted values of the number of jet particles are very close to the input values. Also, the extracted values of the opening angle are close to the input values for ∆φ smaller than 0.75. Note that the expected opening angle of a jet is about this order. These results seem to indicate that it may be possible to determine the number of jet particles reasonably well. As for opening angles, the determination may not be very much reliable if the opening angle exceeds 0.75. 
Events With Jet and Background
We shall now consider the analysis of events in which a jet is produced in the presence of 'background' particles. For this analysis, a large number of events with impact parameters 1 fm and 6 fm ( corresponding to the central and peripheral events ) have been considered. The reason for choosing these two types of events is as follows. The central number particles produced in a central event are large and that may make the jet characterization difficult. But such events are expected to have a very small value of elliptic flow. That is, the flow coefficients ( including the elliptic flow ) are expected to be close to zero. This is likely to help the jet characterization analysis. For the peripheral events, on the other hand, the number of background particles is smaller but the event are likely to have elliptic flow. The peripheral events are of interest for one more reason. For these event, the distance traveled by the leading parton in the jet is expected to be different for in-plane and out-of-plane direction of the parton. This would mean that the properties of jets in these two directions would be different. For our method to work, the number of background particles should not be very large, so that the jet is not completely rowed by the background particles. One way of controlling the background particles is to remove the particles having transverse momenta smaller than certain value. This would remove background particles but not the jet particles if the cutoff momentum is sufficiently small. In fact, a large fraction of the background particles have transverse momenta smaller than 1 GeV. So, a transverse momentum cutoff larger than 1 GeV would help in the analysis. Further, the cutoff should not be too large since this may remove some of the jet particles. Also, when the number of background particles is very small, the fluctuations in the flow coefficients due to these background particles are large and this would affect the determination of the jet characteristics. We have therefore analyzed the events by including the particles having transverse momenta larger than 1.5 and 2 GeV. of π/6. The plot shows that there is a linear correlation between the particle numbers extracted and the corresponding input numbers when the number of jet particles are larger than 10. Also, the correlation is better for 2 GeV cutoff. The results are similar for central as well as peripheral collisions. The right panel of Fig(4) displays the extracted values of the opening angle vs the input opening angle. The results are for twenty jet particles. This figure shows that there is a correlation between extracted and input opening angles but it is not as good as that for the number of jet particles. Particularly, the extracted opening angle does not increase much for larger input opening angles. One reason for this is for larger angles, the expansion in the powers of i 2 fails for large i. The results for different numbers of jet particles are similar to those shown in Fig(4) . Thus, it seems that the extraction of the number of jet particles is quite robust but that of the jet opening angle from the flow analysis is less reliable.
Summary
The method of extracting jet characteristics from flow analysis is discussed in this work. We have shown that in the presence of a jet, the higher flow coefficients are large enough to be measured. Further, by analyzing the flow coefficients of different orders, it is possible to extract the information of jet characteristics, namely the number of particles in the jet and jet opening angle. We believe that this is an interesting result and can be used to analyze the heavy ion collision data to extract the jet information. Our calculations show that in order to extract meaningful results, it is necessary to use transverse momentum cut to reduce the background. We show that a cut between 1.5 and 2 GeV works well. This is nice since the jet particles are expected to have transverse momenta larger than these values.
Instead of the transverse momentum cuts, one may compute the transverse momentum ( or energy ) weighted flow coefficients
One may even use higher powers of the transverse momentum in eqn(6) above. Actually, such flow coefficients do de-emphasize the background particles since these have smaller momenta. Further more, such a calculation would give information of the transverse momentum or energy carried by the jet. In the present work, the jet has been included by hand. This has been done as, at this stage, we want to know exactly what are the jet properties so that we can determine the extent to which these are extracted by our method. The next step [14] is to use generators which include jet production in the algorithm and to determine whether our procedure can detect these jets. At present we are working on that. If that succeeds, one can then think of applying the procedure on the relativistic heavy ion collision data.
